The objective of the study was to assess the quality of the Shule River water for irrigational purposes. Surface water samples were collected along the course of the river in May and October 2012. The samples were analyzed for pH, electrical conductivity (EC), bicarbonate, chloride, sulphate, sodium, potassium, calcium and magnesium. Surface water was generally alkaline (average pH 8.17) and water pH and total dissolved solids in May were higher than those in October. EC ranged from 0.24 to 2.15 mS cm À1 . Sodium was identified as the dominant cation, sulphate was identified as the dominant anion in May for both samples of river water but, in October, the dominant anions are respectively sulphate, bicarbonate and chloride from the upper region to the lower region. The total dissolved solids, chloride and sodium were found to exceed the permissible limits for irrigation water in the lower region. According to the principal factor analysis results, among water quality parameters measured in this study, chloride is the best indicator for monitoring water quality. The results revealed a deteriorating water quality in the lower region of the river.
INTRODUCTION
Water resource shortage and sustainable utilization of limited water resources has become a major problem to be solved in the world (e.g. Hasiniaina et al. ; Ghrair et al. ; Bharathi et al. ) . Water quality obviously plays a critical role in this relation (Ntengwe ) , as it is crucial to maintain a well-balanced environment. Salinity and salt ions of irrigation water affect soil properties and plants. Irrigation water could explain 29% of soil salinity (Darwish et al. ) . Inappropriate management may decrease soil quality by accelerating the processes of degradation (Lal ) . () and Zhao et al. () have assessed the quality of river water and groundwater in the Shule River restricted to only certain smaller locations. Therefore, it is important to study the spatial and seasonal variation in the quality of water. The present investigation was made with an objective of evaluating the quality of river water along the entire stretch of the Shule River, and for identifying the influence of geogenic and anthropogenic sources.
MATERIALS AND METHODS

Study area
The Shule River originates from the Qilian Mountains and vanishes in the Lop Nor, now disappearing in the desert of Dunhuang (Figure 1 
Sampling and analysis methods
Based on criteria such as the location of dams, the confluence of tributaries, major industries, as well as logistical constraints, sampling points were chosen at intervals ranging from 5 to 80 km. In total, 12 sampling sites at all flow stages were marked with Arabic numbers from 1 to 12 (Figure 1) , each of the 12 sites has been sampled 3 times.
Sampling was carried out in May and October 2012 based on spring runoff and autumn runoff.
The water samples were stored at 4 C in a portable refrigerator and immediately transported to the laboratory.
The pH was directly measured using a pH electrode. Electrical conductivity (EC) was measured using a conductance instru- 
Data processing
Water quality samples were analyzed using the Rock- 
RESULTS
Descriptive statistical chemical characters of surface water
The results in Table 1 In order to clarify the study results, the water quality data were fitted with RockWare Aq. QA (Figure 3 ). The Durov diagram showed that surface water generally exhibited a few variations. In May (Figure 3(a) ), in the cation and anion diagrams, the samples are shifted toward the Na and SO 4 apex, respectively. TDS gradually increased from 700 and 9,300 mg L À1 from locations 1 to 12, except for location 11. It may be caused by location 11 on the floodplain, the velocity of water flow is low and the sedimentation is significant. In October (Figure 3(b) ), the dominant anions varied with sampling location. Firstly, the primary anions were SO 4 at location 1, HCO 3 at locations 5, 6, and 7, and Cl at locations 8, 9, 10, 11 and 12. However, the dominant cations were sodium from locations 1 to 12 and TDS basically presented the increasing trend from locations 1 to 12 except for location 7. TDS in October was obviously lower than that in May. The water pH varied from 8.0 to 8.4 in May and from 7.5 to 8.3 in October, respectively.
Paired-samples T-test of salt and ions of surface water between May and October
To explore water quality variation with temporal, we examined the temporal difference of water quality between May and October with the paired-samples t-test at P ¼ 0.05 or 0.01 by SPSS 20.0 software (Table 3) . HCO 3 and Cl showed significant differences between May and October (P < 0.01). However, pH, EC, TDS, SO 4 , Ca, Mg, K, or Na showed no significant differences between May and October (P > 0.05).
PCA of surface water chemical properties
The PCA was used to explore the most important factors determining the spatial variations in chemical parameters of the Shule River. A total of four principal components (PCs) were obtained with eigenvalues more than one which accounted for around 85% of the total variance in the 10 chemical parameters of the Shule River. The contributions of the first, second, third, and fourth PCs to the variation were respectively 41%, 20%, 13%, and 12%, which accounted for 85% of the total variation (Table 4) .
When the accumulative variation of the PCs is above 85% of the total variation, these components reflect the total variation and can interpret well the changes in the chemical properties of water. The comprehensive score was the highest for Cl, followed by TDS, Na, EC, HCO 3 , Ca, Mg and SO 4 , and the lowest for K, indicating that among water parameters measured in this study, Cl and K are respectively the best and worst indicators for monitoring water quality (Table 5 ). The analysis output would provide valuable information for the decision making in the river basin management.
DISCUSSION
Surface water quality is affected by both natural processes and anthropogenic activities. Generally, natural surface Upper region 1 Mg-Na-SO 4 Mg-Na-HCO 3 -SO 4 2
Mg-Na-HCO 3 -SO 4 Na-SO 4 -Cl-HCO 3 3
Mg-Na-HCO 3 -SO 4 Na-Cl-SO 4 -HCO 3
Middle region 4 Mg-Na-SO 4 Na-SO 4 -Cl-HCO 3 5
Mg-Na-HCO 3 -Cl-SO 4 Na-Cl-HCO 3 6
Mg-Na-Cl-HCO 3 -SO 4 Na-Cl-HCO 3 7
Mg-Na-Cl-HCO 3 -SO 4 Na-HCO 3 -Cl 8 Na-Mg-Cl-HCO 3 -SO 4 Na-Cl 9
Mg-Na-Cl-HCO 3 -SO 4 Na-Cl
Lower region 10 Ca-Mg-Na-Cl-SO 4 Na-Cl 11
Ca-Mg-Na-Cl-SO 4 Na-HCO 3 -Cl 12
Mg-Ca-Na-Cl-SO 4 Na-HCO 3 -Cl water quality varies from place to place, depending on climatic variations, and with the types of soils and rocks. A variety of human activities such as agricultural activities, industrial and urban development, and recreation significantly alter the quality of natural waters and change the water use potential.
Spatial variations of water pH
From the upper region to the lower regions, water pH ranged from 7.5 to 8.4. The pH in lower reaches of the river was normally high, where highly alkaline water may be attributed to the dissolved sodium in soils in the lower reported that river water of the Sundarbans was characterized by slightly alkaline pH and that water pH was neutral to alkaline (7.4 to 8.1). Water pH in this study area was similar to river water of the Sundarbans.
Spatial variations of salt ions in surface water
EC is a good indicator in assessing water quality (Ramya- to Cl toxicity to sensitive plant species.
Sodium was the dominant cation in the river. The observed highest concentration of Na was 8,324.0 mg L À1 , which was much higher than the maximum permissible level in irrigation water. The higher salty ions concentration in the present study indicated the deterioration of water quality over time. Therefore, such irrigation water should not be used in Na-sensitive or Cl-sensitive crops.
Temporal variations of salt ions in surface water
The Durov diagrams in Figure 3 (a) and 3(b) indicate that TDS and major ions in surface waters showed significant Note: *denotes a significant difference at p < 0.01. 
